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EVALUATING A GEOMETRIC OR 
MATERIAL PROPERTY OF A 
MULTILAYERED STRUCTURE 

CROSS-REFERENCE TO PRIORITY 
APPLICATION 

This application is a continuation of US. patent applica 
tion Ser. No. 09/521,232 ?led Mar. 8, 2000, Which is incor 
porated by reference herein in its entirety. 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application is related to and incorporates by reference 
herein in their entirety, the following commonly oWned, 
copending US. patent applications: 

Ser. No., 09/095,805, entitled “AN APPARATUS AND 
METHOD FOR MEASURING A PROPERTY OF A 
LAYER IN A MULTILAYERED STRUCTURE,” ?led Jun. 
10, 1998, by Peter G. Borden et al; 

Ser. No. 09/095,804, entitled “APPARATUS AND 
METHOD FOR EVALUATING A WAFER OF SEMICON 
DUCTOR MATERIAL,” ?led Jun. 10, 1998, by Peter G. 
Borden et al; and 

Ser. No. 09/274,821, entitled “APPARATUS AND 
METHOD FOR DETERMINING THE ACTIVE DOPANT 
PROFILE IN A SEMICONDUCTOR WAFER,” ?led Mar. 
22, 1999, by Peter G. Borden et al. 

BACKGROUND 

In the processing of a semiconductor Wafer to form inte 
grated circuits, a number of traces are normally formed over 
an underlying layer. The traces are normally used to intercon 
nect transistors and other devices in the integrated circuits. 
Such traces may have Widths under 0.2 micrometers (mi 
crons), pitches (center to center spacing) under 0.4 microns 
and aspect ratios exceeding 4: 1. 

Depending on the stage of the processing, it may be nec 
essary to measure properties of various portions of a Wafer, 
such as the properties of the traces and/or the properties of the 
underlying layer. HoWever, the presence of traces can inter 
fere With conventional measurements that examine open 
areas (areas not covered by traces). 

SUMMARY 

A structure having a number of lines supported by a layer 
in contact With the lines (also called “multi-layered struc 
ture”) is evaluated in accordance With the invention by illu 
minating a region (also called “illuminated region”) contain 
ing several lines, using a beam of electromagnetic radiation, 
and generating an electrical signal (e.g., by use of a photo 
sensitive element) that indicates an attribute (e.g., intensity or 
optical phase) of a portion (also called “re?ected portion”) of 
the beam re?ected from the region. As more than one line (and 
therefore more than one portion of the layer in contact With 
the lines) is being illuminated, the re?ected portion and the 
electrical signal generated therefrom do not resolve indi 
vidual features in the illuminated region, and instead indicate 
an average measure of a property of such features. In contrast, 
most prior art methods measure a property of an individual 
feature in such a multi-layered structure. The just-described 
lines can be either conductive (in Which case they are also 
referred to as “traces” or non-conductive, depending on the 
embodiment. 
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In one embodiment, the acts of “illuminating” and “gener 

ating” are repeated in another region (of the same structure or 
of a different structure) also having multiple traces. The elec 
trical signals being generated from light re?ected by different 
regions can be automatically compared to one another to 
identify variation of an average property (e. g., average thick 
ness of the layer in contact With the traces, or average resis 
tance per unit length of the traces) betWeen the regions. 
Instead of (or in addition to) the just-described comparison, 
the values of such a signal can be plotted in a graph to indicate 
a pro?le of a surface in the region. A value being plotted can 
be an absolute value of the re?ected portion alone, or can be 
a value relative to another portion that is re?ected by another 
surface in the same region (Which indicates the average dis 
tance therebetWeen), or by the same surface in another region 
(Which indicates an average pro?le of the surface). 

Such measurements can identify variations in properties in 
a semiconductor Wafer of the type used in fabrication of 
integrated circuit dice, or betWeen multiple such Wafers (e. g., 
values measured from a reference Wafer and a production 
Wafer or betWeen tWo successive production Wafers can be 
compared). Identi?cation of a change in a property betWeen 
tWo or more Wafers is useful e.g., When performing such 
measurements during Wafer fabrication, so that process 
parameters used to fabricate a next Wafer (e.g., creating the 
above-described layer or the traces) can be changed as nec 
essary (in a feedback loop), to generate Wafers having mate 
rial properties Within acceptable limits. Note, hoWever, that 
structures other than semiconductor Wafers (e. g., photomasks 
that include a glass substrate and are used to form the Wafers, 
or an active matrix liquid crystal display) can also be evalu 
ated as described herein. 

In a ?rst example, there is a transmissive medium (such as 
air) located betWeen a source of the beam (also called probe 
beam) and the illuminated region. In one implementation, 
another beam (also called “heating beam”) is used in addition 
to the probe beam, to modulate the temperature of the traces 
(e.g., at a predetermined frequency). Re?ectance of the lines 
changes With the change in temperature. The re?ected portion 
(Which depends on re?ectance), and hence the generated sig 
nal also oscillates (e.g., as the predetermined frequency). 
Such an oscillating signal is measured by e. g., a lock-in 
ampli?er, and the measurement is repeated in another region. 
If all lines in the illuminated region are conductive (also 
referred to as “traces”), comparison of measurements from 
different regions (e.g., Which may be in the same location in 
different die of a Wafer, or Which may be in the same die in 
different Wafers) indicates a change in the average resistance 
per unit length (and therefore the corresponding change in 
cross-sectional area) betWeen traces in the respective regions 
(if conductivity is constant). 
A series of measurements from regions adjacent to one 

another (or even overlapping one another) in the longitudinal 
direction of the traces, When plotted in a graph along the y axis 
With the x axis indicating distance along the longitudinal 
direction yields a pro?le of the traces (Which may be used to 
detect, e.g. global nonuniformity such as a dimple or a dome). 
Depending on the speci?c variant, the probe beam and the 
heating beam can each be coincident With or offset from the 
other. 

In another implementation, multiple traces in a region of a 
structure of the ?rst example are each substantially parallel to 
and adjacent to the other, and the beam has Wavelength 
greater than (or equal) to a pitch betWeen tWo adjacent traces. 
In one such embodiment, the probe beam is polariZed (e. g., by 
a polariZing optical element interposed betWeen a source of 
the beam and the structure), although a nonpolariZed probe 
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beam can be used in other embodiments. A polarized probe 
beam can be used in several Ways, including, e.g., orienting 
the probe beam so that the electrical ?eld vector for the 
electromagnetic radiation is at a predetermined angle relative 
to the traces. 
When the probe beam is polariZed perpendicular to the 

traces, the traces do not re?ect the probe beam. Instead, the 
probe beam passes betWeen the traces and is re?ected from 
underneath the traces, eg by charge carriers of a semicon 
ductor layer, or by a surface of an oxide layer, or both. Such 
light Which is re?ected from underneath the traces can be used 
to identify variation in a property of features underneath the 
traces (averaged over the features that are illuminated). The 
portion re?ected by charge carriers is relatively small (e.g., 
1/10 or less) as compared to the portion re?ected by an under 
lying surface, and therefore has a negligible effect on an 
overall measurement of a steady signal (also called “DC” 
component). If necessary, the portion re?ected by charge 
carriers can be measured by modulating the number of charge 
carriers and using a lock-in ampli?er to measure the portion 
of a re?ected light that is modulated (also called “AC” com 
ponent) as described elseWhere herein. The charge carriers 
can be created by a beam having an oscillating intensity (or 
oscillating phase). In this variant, the re?ected portion has an 
intensity (or phase) that is modulated in phase With modula 
tion of the charge carriers (and can be measured by use of a 
lock-in ampli?er). 
When the probe beam is polariZed parallel to the longitu 

dinal direction of the traces, the above-described re?ected 
portion (that is used to generate the electrical signal) is 
re?ected by the traces. The re?ected portion can be used to 
identify variation in a property that is averaged over the 
traces. A probe beam polariZed parallel to the traces can be 
used With a heating beam that is also polariZed parallel to the 
traces, and in such a case effectively on the traces interact With 
the heating beam, and are heated more, as compared to heat 
ing by an unpolariZed heating beam. Alternatively, the just 
described probe beam (also called “parallel polariZed beam”) 
can be used With another probe beam that is polariZed per 
pendicular to the traces (also called “perpendicular polariZed 
beam”). The tWo polariZed beams can be generated from the 
same beam, e.g., by a polariZer or a polarizing optical element 
(such as a Wollaston beam splitter), or by a combination of 
such optical elements (eg Wollaston beam splitter folloWed 
by a polariZer). A polariZer here refers to any optical element 
or set of optical elements Whose output is a beam With a single 
direction of polarization. 

In one embodiment, a portion of the parallel polariZed 
beam re?ected by the traces, and a portion of the perpendicu 
lar polariZed beam re?ected from underneath the traces inter 
fere, and the interference pattern is used to generate an elec 
trical signal. As noted above, the electrical signal indicates a 
pro?le of the underneath surface When the beams are offset. 
When the parallel polariZed beam and the perpendicular 
polariZed beam are coincident, the electrical signal indicates 
a distance betWeen the underneath surface and a surface of the 
traces exposed to the transmissive medium (also called 
“exposed surface”). Note that the exposed surface of the 
structure canbe formed by a surface of the traces and a surface 
of the layer that interdigitates betWeen the traces (the layer 
surface and the trace surface can be substantially co-planari 
Within the same plane or in planes that are separated from 
each other by less than 10% of the Width of the traces) and 
such surfaces can be formed, e.g., by chemical mechanical 
polishing. 

The tWo probe beams that are polariZed mutually perpen 
dicular to each other can each be oriented at 45° relative to the 
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4 
traces, so that at least a portion of each beam is re?ected from 
the exposed surface of the structure. In such a case, the elec 
trical signal obtained from the tWo or more re?ected portions 
indicates a pro?le of the exposed surface, assuming the tWo 
beams are offset from one another, and the surface containing 
the traces has a constant pro?le. An optional polariZing beam 
splitter can be used to limit the measurement to the tWo 
portions that are re?ected by the traces (or to the tWo portions 
that are re?ected by a surface underneath the traces When 
pro?ling the underneath surface). Therefore, illuminating a 
region containing tWo or more traces alloWs use of the Wafer 
as a polariZer to measure an average property of features 
underneath the traces that are otherWise inaccessible. 

In a second example, the traces are separated from the 
transmissive medium by a layer (also called “exposed layer”) 
included in the structure. One method used With the second 
example measures a signal obtained from interference 
betWeen a portion of the probe beam re?ected by the traces, 
and another portion re?ected by a layer formed over the 
traces. Re?ection of a perpendicular polariZed beam by the 
exposed layer overcomes a prior art problem of illuminating 
a region containing traces, because the traces do not adversely 
affect the perpendicularly polariZed light (e.g., the traces 
re?ect parallel polariZed light). The just-described method 
does not require a heating beam. This method also has the 
advantage of being able to measure a property of traces buried 
underneath the exposed layer. 

In a variant of the just-described method, both portions are 
re?ected by the traces, and each portion is offset from the 
other thereby to yield a signal indicative of a pro?le of the 
surface of traces (although the traces are located underneath 
the exposed layer). In such a method, the to-be-re?ected 
portions of a probe beam can be polariZed mutually perpen 
dicular to each other and oriented at 450 relative to the traces. 
Instead of mutually perpendicularly polariZed beams, tWo 
beams that are polariZed parallel to one another and also 
parallel to the traces also can be used, e.g., to obtain a surface 
pro?le of the traces (that are located underneath the exposed 
layer). 

Furthermore, instead of being offset from one another, the 
parallel polariZed beams can be coincident, With one beam 
being the probe beam and the other beam being the heating 
beam. In such a case, the measured signal provides an indi 
cation of a property of the traces, although the traces are 
located underneath the exposed layer. If the tWo beams that 
are polariZed parallel to one another (e. g., a probe beam and 
a heating beam) are both oriented perpendicular to the traces 
(a ?rst set) underneath the exposed layer, a property of a 
second set of traces located underneath the ?rst set can be 
determined. Furthermore, instead of a heating beam, a pump 
beam can be used to generate charge carriers in a layer located 
underneath the traces. 
One implementation combines tWo of the above-described 

methods, by using tWo beams that are respectively polariZed 
parallel and perpendicular relative to the longitudinal direc 
tion of a set of traces in the structure. In this implementation, 
tWo electrical signals for tWo measurements in the tWo polar 
iZation directions are generated contemporaneously (e.g., just 
before, during or just after each other). Simultaneous genera 
tion of the tWo electrical signals provides an advantage in 
speed, as compared to sequential generation of the tWo sig 
nals. Such electrical signals can provide measures of proper 
ties of both traces and a layer underneath the traces, so that a 
Wafer can be accepted or rejected in a signal operation. 

In another embodiment, the probe beam is nonpolariZed (or 
has circular or elliptical polariZation so that both orthogonal 
polariZation components are simultaneously present in the 
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single probe beam). In one implementation of this embodi 
ment, the method includes generating a single electrical sig 
nal from the portion of light re?ected When a nonpolarized (or 
circular or elliptical polarized) probe beam is used. In another 
implementation, the method includes contemporaneous gen 
eration of tWo electrical signals based on measurement of tWo 
components of the re?ected portion: a ?rst component that is 
polarized in a direction perpendicular to the traces, and a 
second component that is polarized in a direction parallel to 
the traces. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A illustrates, in a perspective vieW, a portion of a 
structure having a number of traces in a region illuminated by 
a probe beam in accordance With the invention. 

FIG. 1B illustrates, in an elevation vieW in the direction 1B 
of FIG. 1A, the relationship betWeen the diameter Dp of the 
probe beam and the pitch p betWeen the traces. 

FIG. 1C illustrates, in a ?oW chart, acts (including illumi 
nation of multiple traces illustrated in FIGS. 1A and 1B) 
being performed during Wafer fabrication, in one embodi 
ment of the invention. 

FIG. 1D illustrates, in a block diagram, one embodiment of 
a measurement apparatus of this invention being used With 
various devices that fabricate the structure of FIG. 1A. 

FIGS. 1E-1J illustrate, in partial cross-sectional vieWs, a 
semiconductor Wafer at various stages of fabrication in the 
apparatus ofFIG. 1D. 

FIG. 1K illustrates, in a plan vieW of the arrangement 
illustrated in FIG. 1A, the relation betWeen the electric ?eld 
vector (of a probe beam that is linearly polarized) and the 
traces. 

FIG. 2A illustrates, in a partial cross-sectional vieW, the 
relationship betWeen tWo polarized components of a probe 
beam and the light re?ected by or passing betWeen the traces 
in a semiconductor Wafer. 

FIG. 2B illustrates, in a cross-sectional vieW, a structure 
having grooves 208A-208M that contain a gas, such as air that 
acts as a number of non-conductive traces, and Which can also 
be used as a polarizer as described herein. 

FIG. 2C illustrates, in a graph, relation betWeen pitch (on 
the x axis) and extinction ratio (on the y axis) for light of a 
?xed Wavelength, Wherein the extinction ratio is a ratio of 
light (intensity) transmitted to a region underneath the traces 
(FIG. 2A) in the perpendicular and parallel directions. 

FIGS. 2D, 2E and 2G illustrate, in block diagrams, alter 
native embodiments that use one or more polarized compo 
nents ofa probe beam. 

FIG. 2F illustrates, in a graph, the change in re?ectance of 
the structure of FIG. 2B as a function of depth Gd of the 
grooves. 

FIGS. 3A and 3B illustrate, in graphs, a change in re?ec 
tance of the region illuminated by the probe beam (illustrated 
in FIG. 1A) as a function of thickness of an insulative layer 
located underneath the traces (plotted along the x axis in pm) 
for FIG. 3A or thickness of traces for FIG. 3B. 

FIGS. 3C-3E illustrate, in graphs, relationships betWeen 
measurements of the tWo polarized components in one 
example. 

FIG. 4A illustrates, in a ?oW chart, acts performed during 
Wafer fabrication in one implementation of the embodiment 
illustrated in FIG. 1C. 

FIG. 4B illustrates variations in measurements across a 
Wafer in one example of a uniformity map obtained toWards 
the end of the process illustrated in FIG. 4A. 
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6 
FIGS. 5A and 5B illustrate, in partial cross-sectional 

vieWs, measurement of properties of a semiconductor Wafer 
having an exposed layer formed on traces in tWo variants. 

FIGS. 6A and 6B illustrate, in cross-sectional vieWs, tWo 
mutually perpendicular components of a probe beam that are 
offset from one another for use in obtaining a surface pro?le. 

FIGS. 6C and 6D illustrate, in plan vieWs, the orientation of 
polarization direction of the beams of FIGS. 6A and 6B 
respectively relative to the traces. 

FIG. 6E illustrates use of a polarizing beam splitter 1520 to 
generate the tWo components of the probe beam illustrated in 
FIGS. 6C and 6D. 

FIGS. 7A-7E are similar or identical to the corresponding 
FIGS. 6A-6E except that the polarization directions of the 
tWo beams are parallel to one another. 

FIG. 8 illustrates, in a partial cross-sectional vieW, the 
various defects in a semiconductor Wafer that can be identi 
?ed by use of the measurements described herein. 

FIG. 9 illustrates, in a high-level block diagram, a circuit 
included in measurement apparatus 125 of FIG. 1D in one 
embodiment. 

DETAILED DESCRIPTION 

A structure 10 (FIG. 1A) is multilayered, and contains a 
number of lines 11A-11N (A éléléN; N being the total 
number of lines) passing through a region 11 (also called 
illuminated region) of a layer 13. Lines 11A-11N have an 
index of refraction different from the index of refraction of 
layer 13, and therefore re?ect a probe beam that is directed at 
region 11. Note that lines 11A-11N need not be conductive, 
although. in one embodiment the lines are conductive. For 
this reason, in the folloWing description, the term “lines” is 
used generically, and When referring speci?cally to embodi 
ments involving lines that are formed of conductive material, 
the term “traces” is used. Embodiments involving other kinds 
of lines are apparent to the skilled artisan in vieW of the 
disclosure (e. g. see the description beloW in reference to 
FIGS. 2B and 2E). Structure 10 can be (but is not required to 
be) a Wafer of the type commonly used to manufacture inte 
grated circuit dies. Note also that lines 11A-11N need not be 
parallel to each other (except When a polarized probe beam is 
used as discussed beloW in Which case lines 11A-11N are at 
least substantially parallel to each other). 

Structure 10 is evaluated in one embodiment of the inven 
tion by focusing (see act 22 in FIG. 1C) a beam 12 (FIG. 1A) 
of electromagnetic radiation on region 11 (Which is de?ned to 
be the entire region illuminated by beam 12 on an exposed 
surface 13S of structure 10). Beam 12 has a diameter d (at 
surface 13S of structure 10) that is selected to be several times 
larger than the Width W of a line In For example, diameter d 
can be 2 microns and Width W can be 0.15 microns (so that 
seven lines are simultaneously covered by beam 12). 
Note that beam 12 merely illuminates region 11 and may or 

may not be focused on surface 13S (Which is a surface of 
structure 10 exposed to a transmissive medium 15 such as 
air). In different embodiments, beam 12 is focused on (a) 
surface 13S, (b) surface 14S, (c) betWeen surfaces 13S and 
14S, (d) surface 16, or (3) above surface 13S. Therefore, beam 
12 does not resolve individual features in region 11 (unlike a 
scanning microscope of the prior art Which can resolve the 
individual features). Instead, beam 12 is used to obtain an 
average measure of one or more properties in illuminated in 
region 11, e.g., oflines 11A-11N, or oflayer 13 or a combi 
nation thereof, or some other material or feature in region 11. 
layer 13 or a combination thereof, or some other material or 
feature in region 11. 
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A portion of beam 12 is re?ected by region 11, and is used 
to generate (e. g., as illustrated by act 23 in FIG. 1C) an 
electrical signal (e.g., by use of a photosensitive element) that 
indicates an attribute (e.g., intensity or optical phase) of the 
re?ected portion. The measured attribute in turn is used as an 
average measure of a property of a material in region 11. For 
example, if the just-described acts 22 and 23 are performed in 
one region 11, a stage that supports structure 10 moves struc 
ture 10 so that a different region is illuminated, and then these 
acts 22 and 23 are repeated. Therefore, this embodiment 
involves stepWise movement (“hopping”) from one region to 
another region of structure 10 When performing measure 
ments of the type described herein (as opposed to a scanning 
microscope of the prior art that continuously moves 
(“sweeps”) a beam of electromagnetic radiation relative to a 
structure). In the hopping process, the stage holds structure 1 0 
stationary for a moment (e. g., 1 second) While a measurement 
is taken in one region, and then moves to another region (e. g., 
of the same structure). 
TWo regions in Which measurements are made can be sepa 

rated from each other, e. g., by distance Which is same as the 
diameter Dp of beam 12. Alternatively, the tWo regions can 
touch each other or even overlap each other. When overlap 
ping one another, the centers of the tWo regions may be 
separated by a small fraction of the diameter, e.g., by (l/ro) Dp 
or less. Regardless of hoW close the regions are, the hopping 
process yields discrete values (one for each region) as com 
pared to the sWeeping process Which yields a continuous 
signal. As described elseWhere herein, the regions can be 
physically located in different structures, so that an alterna 
tive embodiment involves hopping from structure to structure 
(When hopping among regions). A combination of the just 
described tWo types of hopping can also be used (i.e., moving 
betWeen regions of the same structure and also moving 
betWeen regions of different structures). 

Note that the just-described “hopping” can be performed 
from one region to a next region that touch each other, and a 
measurement from each region can be plotted in a graph, e. g., 
to indicate a pro?le of a surface across the regions. As 
described elseWhere herein, such measurements provide an 
average pro?le (in vieW of nonresolution of the individual 
features in the illuminated region). In another embodiment, 
the hopping is performed betWeen regions that overlap one 
another thereby to provide a more realistic measure of the 
average pro?le across these regions, as compared to non 
overlapping regions. 

The electrical signals obtained by the measurements are 
optionally compared (e.g., in act 24) either against each other 
or against a predetermined limit, to identify a change in a 
property (such as the thickness of layer 13 or thickness lines 
11A-11N) betWeen the regions. An electrical signal indica 
tive of re?ectance changes in response to a change in a prop 
er‘ty of features (such as layer 13 or lines 11A-11N) contain 
ing the material being evaluated in structure 10. Note that the 
electrical signal by itself provides an average measure of the 
property in the region due to the region having a siZe that is 
larger (e.g., by an order of magnitude) than to siZe of an 
individual feature. 

Note also that only changes that cause a property to fall 
outside a predetermined range are ?agged in one embodi 
ment. Such a predetermined range can be same as the limits 
beyond Which a structure is rejected as being unacceptable (or 
can be smaller than such limits to alloW a correction to be 
made even before an unacceptable structure is fabricated). 
Note that the property being measured can be an average 
dimension of the features in region 11 (such as thickness of 
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8 
traces) or an average material property of such features (such 
as the average resistance per unit length of the traces). 

Comparisons of such signals from different regions (of a 
structure or structures) may be performed manually, although 
in other examples such comparisons are performed automati 
cally (by a programmed computer). Alternatively, the electri 
cal signals generated in act 23 can be plotted to obtain a tWo 
dimensional image of structure 10 as a Whole, so that the 
image indicates changes in property (also called “material 
property”) betWeen such regions. Instead of a tWo-dimen 
sional image, the electrical signals can be plotted in a graph 
along the y axis, With the x axis representing regions in 
structure 10. 

As noted above, the just-described regions can be inside a 
single structure 10, or spread across multiple such structures 
(e.g., in a reference structure that has knoWn material prop 
er‘ties, and a production structure that is currently being fab 
ricated and Who se properties are yet to be determined, or even 
multiple production structures). Identi?cation of changes in a 
property betWeen tWo or more structures is useful e.g., When 
performance of such measurements is interleaved betWeen 
fabrication processes, so that one or more process parameters 
used to fabricate a next structure (such as creating traces or a 
layer adjacent to the traces, as illustrated by optional act 21) 
can be changed as necessary (e.g., as illustrated by optional 
act 25) to fabricate structures having properties Within accept 
able limits. 

Note that acts 21, 24 and 25 described above in reference to 
FIG. 1C are optional, and may or may not be performed, 
depending on the embodiment. For example, the generated 
electrical signals may be manually evaluated. Alternatively, 
such evaluations (manual or automatic) may be performed 
independent of the fabrication processes of the structures. In 
one embodiment, the above-described structure 10 is imple 
mented as a semiconductor substrate (also called “Wafer”) of 
the type used in fabrication of integrated circuit dice. In this 
embodiment, a processing unit 100 (FIG. 1D) creates inte 
grated circuit (abbreviated as “IC”) dice by processing a 
semiconductor substrate 102 (FIGS. 1D and IE) to form 
various substrates 103-107 (FIGS. 1F-1J) at intermediate 
stages in the fabrication of the dies. 

In one example, a patterning apparatus 120 deposits a 
photoresist layer 102A on top of an insulation layer 102B 
Which in turn is formed on silicon substrate 102C (FIG. 1E). 
In this example, an etching apparatus 121 exposes and devel 
ops photoresist layer 102A to form therein grooves 103A 
103M (M being the total number of grooves), thereby to form 
Wafer 103 (FIG. 1F). Thereafter, an etching apparatus 121 
etches through the patterned photoresist layer 102A to form 
grooves 104A-104M in insulation layer 102B, thereby to 
form Wafer 104 (FIG. 1G). 

Next, resist layer 102A is removed, and a liner deposition 
apparatus 122 forms a barrier layer 105A (e.g., of tantalum 
nitride to prevent diffusion of to-be-applied conductive mate 
rial, such as copper, into insulation layer 102B) in etched 
grooves 104A-104M of insulation layer 102B, as illustrated 
by Wafer 105 in FIG. 1H. Then a conductive material 106A is 
blanket deposited on Wafer 105, by a deposition apparatus 
123 thereby to form substrate 106 (FIG. 1I). Note that barrier 
layer 105A, although present in substrate 106, is not shoWn 
for clarity in FIG. II. The deposited layer 106A has a thick 
ness t (FIG. II) of, for example, l-2um. Next a polishing 
apparatus 124 is used to polish back layer 106A (e.g., by 
l-2um), leaving conductive lines 107A-107M (also called 
“traces”) in grooves of insulation layer 102B, as in the case of 
a damascene structure. 
























